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COMPLETE SPECIFICATION 



Method of Making Printed Circuits 



We, Photocircuits Corporation of Glen 
Cove, State of New York, United States of 
America, a Corporation organized and exist- 
ing under the Laws of the State of New York, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The present invention relates to a novel and 
improved method of making printed circuits 
on insulating supports and to the products 
which result from such methods. More par- 
ticularly the present invention relates to a 
method for improving the insulating proper- 
ties of at least a portion of a printed circuit 
support by including in it finely divided par- 
ticles of cuprous . oxide and the treatment 
of certain portions of said suprous oxide to 
change it to a conducting circuit 

The accompanying drawings referred to 
herein and constituting a part hereof, illus- 
trate embodiments of the invention. 

Conventional methods for the production 
of printed circuits, rely upon„the^dep<>ation 
of the circuits by various means either initi- 
ally on a backing from which they may ulti- 
mately be" separated and placed on a sup- 
30 porting surface or by preparing a supporting 
surface in such a way that it will receive the 
design of the circuit thereon. The difficulty 
with the two general types of method now 
conventionally used for the production of 
printed circuits is that the first method is 
somewhat time consuming and requires great 
care ih the proper transfer of the circuit from 
the backing to the support. It also does not 
lend itself to the production of miniaturised 
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electrical components in which the circuit itself 
would be of extremely fine design. 

The second method is usually accomplished 
by printing on an insulating backing the de- 
sign of the circuit by means of various inks 
containing receptive particles which then have' 
the conductive material from which the cir- 
cuit is to be made currentlessly deposited 
thereon. The currentless deposition step may 
be followed by an electrolytic deposition step 
to build up the thickness of the circuit. A 
major problem encountered here is the bond 
between the printed circuit conductors and 
the insulating base, being sometimes not suffi- 
ciently strong to withstand extremes of vibra- 
tion or the sudden shock of extreme ther- 
mal variations. The method for the production 
of printed circuits as above is described in 
Patent Specification No. 738565. 

It is an object of the present invention to 
provide a printed circuit which adheres tena- 
ciously to its insulating support member and 
which is capable of an extreme degree of 
miniaturization. Another object of the present 
invention is the provision of a method for 
making printed circuits which permits the pro- - 65 
duction of extremely adherent circuit designs 
and also increases their insulating properties * . 
of the base upon which such design is applied. 

It has been found in the present invention 
that the objects mentioned above may be 
accomplished by a process using cuprous oxide 
incorporated in various ways on to or into the 
insulating base member of the printed circuit. 
Cuprous oxide is itself an exceptionally good 
insulator of electricity. Cuprous oxide when 
operated upon by the steps of the method of 
the present invention may be changed to metal- 
lic copper and initially form the conducting 
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portion of the desired printed circuit design 
wJuchrmay^&tfurtlfc€T? built up by currentless 
deposition, "electrolytic 'deposition or a com- 
bination of the two. _ 

,5 -The insulating base members contemplated 
for use in the present invention are most often 
formed of rjesinous material. The copper oxide 
which is used in finely divided form may be 
incorporated into the resin by milling, calen- 

10 dering or other conventional methods after 
which the resin is set. Alternatively a layer of 
unpolymerized resin having cuprous oxide par- 
ticles suspended in it might be laminated to a 
resinous insulated base and cured thereon. 

15 Another method of providing cuprous oxide 
would be to apply particles of cuprous oxide 
to the uncured surface of a tacky resin and 
then cure it. Lastly an ink containing adhe- 
sive material as well as finely divided cuprous 

20 oxide might be printed on the surface of a 
resinous insulating support and ultimately 
cured thereon. 

An insiifotittg support base prepared in any 
of the ways described above, having on at 

25 least one surface thereof cuprous oxide par- 
ticles, is partially covered by a resist or reverse 
printed with ink which cannot be current- 
lessly deposited upon so that the bare un- 
covered area corresponds with the circuit de- 

30 sign desired to be produced. The surface bear- 
ing the resist or reverse ink image is then 
treated with sulphuric acid or other reduc- 
ing acid. This step results in the production 
of metallic copper from the cuprous oxide not 

35 covered with resist ink. The surface is then 
rinsed thoroughly and immersed in a current- 
less plating bath which may deposit copper, 
nickel or the like to build up the circuit. The 
circuit may be further built up by the attach- 

40 ing of an electrode to it and electrolytically 
depositing more of the desired metal on it. 

The cuprous oxide used in the present in- 
vention is preferably in finely divided form 
such that it will pass 200 mesh or greater. The 

45 cuprous oxide particles may be incorporated 
into the resin with which they are to be used 
by milling, calendering or similar methods of 
incorporation until 0.25% to 80% of the 
weight of the combined resin and cuprous oxide 

50 is cuprous oxide. This same weight ratio 
is true for a lamina where the cuprous oxide 
is applied to a surface lamina which is bonded 
to the inflating base. Where the upper limit 
of the range of cuprous oxide particles is used 

55 only negligible amounts of resin will coat the 
uppermost particles. In this situation they are 
readily reached by the acid which is used to 
convert the cuprous oxide at least in part to 
metallic copper. At the lower end of the indi- 

60 cated range it may sometimes be necessary to 
lightly abrade the surface which is to 
be treated ^with the acid in order that 
the acid $hflH not be . prevented from 
reaching the cuprous oxide by the coat- 

0 ing of resin. Although the treated surface 



is receptive to the currentless deposition of 
copper it must be exposed to the currentless 
plating bath from 2 to 4 hours before the 
initial copper deposit forms. 

In the latter case the abrading must occur JO 
before the masking of the portions of the in- 
sulating support which are to remain bare _ - 
of conductor material since otherwise the 
masking resist or ink would be disturbed or 
destroyed by the abrading process. ? 5 

The resist or masking ink may, where de- 
sirable, be dried, baked, cured or the like, 
in order to permanently set it in position. 
The panel prepared in this manner is then 
contacted with a acid which will reduce the 80 
cuprous oxide to metallic copper at least in 
part. The acid treated surface is then rinsed 
and immersed in a currentless plating bath 
from which it may obtain copper, nickel or 
other metal. The time lapse betwen the acid 85 
treatment and the currentless deposition is pre- 
ferably a short one since some of the metallic 
copper exposed to the atmosphere will itself 
become oxidized again lessening the number 
of active sites which readily accept the cur- 90 
rentless deposition. 

The circuit formed by the currentless de- 
position can be built up further by attaching 
an electrode to the printed circuit and electro- 
plating it further by conventional methods.^ 95 

The currentless deposition of the present in- 
vention starts at the formed copper particles 
and begins, e.g., in an autocatalytic bath com- 
position for copper deposition eight times 
faster than is usual in conventional current- 100 
less deposition processes in which copper par- 
ticles have not been provided. The resultant * : 
deposition of metal is smoother, more uniform 
and more adherent than is obtained in con- 
ventional processes which omit the step of re- 105 
ducing copper oxide for copper with an acicL 
Sulphuric acid is the preferred acid for re- 
ducing the cuprous oxide to copper but other 
acids which are acceptable are phosphoric acid, 
acetic acid and hydrofluoric acid. Nitric acid 110 
may also be used but it is not quite as desir- 
able as the others since it dissolves the copper 
formed at a rather high rate-. The other halo- . 
gen acids are not used since copper halides 
tend to form rather than metallic copper. 115 

Example I 
An insulating base is formed by uniformly 
mixing 155 grams of "CIBA 502" RTM* which 
is die reaction product of bis-phenol' A and 
Epichlorohydrin, and which has a viscosity 120 
of 4500 centipoises and and epoxy equivalent 
of 0.38, and adding to it an equal weight 
of cuprous oxide which passes 200 mesh and 
-milling this composition for 1 to 2 minutes, 
which makes for a mixture which is relatively 125 
uniform. This uniform mixture is ready for 
immediate use or may be set aside for later use. 
It has an amine hardener, in this case 70 
grams of cUethylene triamine blended with it 
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by constant turning, cutting and rubbing for 
about 2 minues. It is then transferred to a 
mold by means of which it is given the shape 
desired. Heat may be applied to speed setting 

5 of the eppxy resin loaded with cuprous oxide 
particles so that the reaction is complete in 
a period of about 1 hour. 

One surface of the insulating base thus 
formed is provided with a resist, portions of 

10 which are removed, said portions marking out 
the circuit design which it is desired to form. 
An aqueous solution of 30° Baume sulphuric 
*dd is then applied to the resist covered sur- 
face. The strength of the acid is not particu- 

15 larly critical and acid strengths from 5° to 
40° Baume have proved quite acceptable. The 
acid is allowed to remain in contact with the 
resist covered surf ace for 10 minute. Contact 
of from 5 to 15 minutes in the usual period 

20 of time in which the cuprous oxide particles 
which are unprotected by the resist are re- 
acted upon by the acid and converted to 
metallic copper. The acid is then removed 
by a thorough rinsing and the insulating base 

25 is then immersed in a conventional bath for 
the currentless deposition of a metal such as 
copper or nickel, and as a result the circuit 
becomes further built up. Where a particu- 
larly well defined, heavy circuit is desired 

30 an electrode may be attached to the area of 
eurrentlessly deposited copper and conven- 
tional electroytic deposition of copper car- 
ried out until the desired thickness is at- 
tained. 

35 Example II 

Since only the surface portion of the in- 
sulating base is acted upon during the contact 
with the acid it has proved desirable in some 
cases to take a cuprous oxide loaded resin and 

40 coat the surface of an insulating support with 
a lamina of such a composition and cure it 
thereon. A coating of epoxy-resin cuprous 
oxide as described in Example I is applied to 
a- dean urea-formaldehyde resin support to 

45 a depth of about 1/64 of an inch and cured 
thereon. This depth may be varied on either 
side of that used here but 1/16 of an inch is 
jthe treatest thickness useful for any practical 
* -purpose. After curing, this lamina thereby 

50 bonding it to the insulating base substance, 
the other steps of the process: masking, deve- 
loping with add and currentless plating are 
carried out as before. 

Example III 

55 As a further alternative to the above two 
methods of providing imbedded cuprous oxide 
particles on which to operate to form a printed 
circuit a resinous composition may be formed, 
placed in a mold and while still tacky prior 

60 to -its final set or cure, a dusting or covering 
of its surface with a layer of cuprous oxide 
particles passing about 200 mesh applied and 
tightly bonded thereto by completing the cure. 



Such a resin is formed by taking 100 grams 
of vinyl chloride vinyl acetate copolymer 65 
(vinylite resin, VYNS, RTM), mixing with 
diocetyl phthalate plasticizer 40 grams and 
methyl ethyl ketone 150 grams, placing such 
mixture in a mold and applying the cuprous 
oxide particles to it while still tacky. When 70 
the insulating base is supplied with cuprous 
oxide in this manner the circuit is best formed ~ 
by reverse printing on the cuprous oxide 
covered surface with a masking ink composi- 
tion which covers all the cuprous oxide sur- 75 
face which is not to form part of the printed 
circuit. The reduction of cuprous oxide is 
accomplished as before by using an add of 
from 5 to 50% strength. The building up of 
the circuit is accomplished using conventional 80 
methods. The use of an organosol as the matrix 
in which to embed the cuprous oxide par- 
tides permits the production of bases having 
a wide variety of flexibility, tensile strength, 
deformabitity and the like. 85 

Example IV 
Another -variation of this invention is the 
provision of cuprous oxide in an . adhesive 
resin- based ink which may be printed directly 
on an insulating base support such as methyl 90 
methacrylate. A suitable ink formulation for 
use in this embodiment is made up by weight 



as follows: 

parts 

Phenol-formaldehyde resin (alcohol 95 
soluble) -------60 

Polyvinyl butyral resin - - - 40 

Ethanol 100 

Cuprous oxide (powder, pass 200 

mesh) - 150 100 

Powdered silica / sufficient to adjust 



Methyl isobutyl ketone ^viscosity to about 
'200 poises. 

The resin-based ink circuit thus outlined 
is cured, bonding it to the resin insulating 105 
base. The cuprous oxide particles are reduced 
to metallic copper by means of contracting 
the cured resin based ink . containing cuprous 
oxide particles with an acid and the_ circuit 
built up in the same manner as in the previous 110 
example. 

Example V 
An adhesive containing a small amount of 
copper oxide (CiuO) is prepared as follows: 

parts/weight 115 
Butadiene-acrylonitrile copolymer 

(1) 23 

Phenol-formaldehyde resin (2) 10 

Zirconium silicate - - - - 107 

Silica (20 fi) - - - - 4 120 

Cuprous oxide - - - - - 0.5 

Isophorone - - - - - 90 

Xylene - 31 
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(1) medium high acrylonitrile content, 
Paracril CV. (RTM); 

(2) combination of 5 parts oil soluble, 
heat reactive, solid resin m.p. 144 — 

5 162°F sold by Schenectady Varnish 

Co as SP-103 RTM and 5 parts 
alcohol soluble, oil soluble, heat reac- 
tive, solid resin sold by Schenectady 
Varnisch Co. as SP-126 RTM, m.p. 
10 150— 165°F. 

The rubber is dissolved in part by the sol- 
vent mixture and the phenolic resin dissolved 
separately in the rest of the solvent mixture. 
The two solutions, cuprous oxide and the pig- 
15 ments are blended in a three roll paint mflL 
The circuit design is screen printed with the 
adhesive composition on an epoxy-glass 
laminate and cured. The cured print of the 
circuit it immersed in 20° BaumS sulphuric 
20 acid solution for ten minutes. It is then re- 
moved, washed free of sulphuric acid and 
immersed in a conventional currentless plating 
bath. A thin copper film covered the circuit 
after four hours. The thickness of the cir- 
25 cuit was then increased by conventional elec- 
troplating; 

Exemple VI 
A molding composition con t a ining 10% 
cuprous oxide is prepared as follows; 



30 



parts 



1. Epoxy resin (reaction product of 
bisphenol A and epichlorohydrin 
having an epoxide equivalent of 
180 to 200 and an average mole- 

35 cular weight of 350 to 400) - 30 

2. Cuprous oxide - - ~. - 10 

3. Polyamide resin (having an amine 
value of 210 to 230, the condensa- 
tion product of dimerized or tri- 

40 merized fatty adds with aryl or 

alkyl polyamides - - - - £0 

4. Zirconium silicate - - - - 97 
5 Silica (20 /*) - - - - - \ 
The epoxy resin, cuprous oxide and pig- 

45 ments are blended together in a three roll 
mill, the polyamide resin was warmed until 
readily workable and blended, with the mixture 
from the mill by constant turning, cutting and 
rubbing for five minutes. The mix was cast 

50 in a mold and cured at 250°F for forty-five 
minutes. The fabrication of the prmted circuit 
was carried out as in Example I. The de- 
position of the copper film within ten minutes 
after immersion in the plating bath was com- 

55 pletely developed on the circuit. 

The particular amounts of cuprous oxide 
shown as specific examples herein are oper- 
able though the preferred amounts for ob- 
taining a rapid currentless deposition while 

60 using a reasonable amount of cuprous oxide 
is between 10 and 20% by weight. The initial 
copper deposition obtained with these amounts 
occurs within about 2 to 10 mmutes after 
immersion in- the currentless plating bath. 



In the accompanying drawings the follow- 65 
ing Figure are included to illustrate the 
major embodiments of the present inven- 
tion. 

Figure 1 shows an insulating base 1 which 
has randimly distributed throughout it par- 70 

tides of cuprous oxide 2, m 

Figure 2 shows an insulating support 3 to 
which there has been laminated an insulating 
base 1 in which there is randomly distributed 
particles of cuprous oxide 2, 75 

Figure 3 shows an insulating support 3 the 
upper surface of which has incorporated into 
it finely divided particles of cuprous oxide 
2, and OA 
Figure 4 shows an insulating support 3 hav- 80 
ing applied on its surface particles of cuprous 
oxide 2 in the form of filler in an adhesive 
ink 4. 

The figures show the products resulting from 
the carrying out of the methods described in 85 
the corresponding examples in the specification 
in that Figure 1 corresponds to Examples I 
and VI, Figure 2 corresponds to Example II, 
Figure 3 corresponds to Example III and 
Figure 4 corresponds to Examples IV and 90 
V. 

WHAT WE CLAIM IS: — ^ . 

1. A process for forming printed circuits 
which consists essentially of providing an in- 
sulating base material with at least one surface 95 
having incorporated therein or thereon finely 
divided, discrete particles of cuprous oxide 
preferably passing 200 mesh or finer, curing 

the adhesive resinous binding agent and in 
conjunction with the cuprous oxide particles to 100 
firmly adhere the finely divided particles of 
cuprous oxide to the surface while retaining 
the discreteness of the particles, exposing those 
copper oxide particles in or on said surface 
which corresponds with the desired printing 105 
circuit pattern to an acid to reduce at least 
some of the cuprous oxide to copper, and 
subjecting the resulting copper surface to a 
currentless metal deposition bath to deposit 
metal on the exposed copper in the resinous 110 
bonding- ogmt and surface thereof. 

2. A process as claimed in Claim 1 wherein 
the binding agent comprises, in combination, 
a member selected from the group consisting 

of epoxy resin, plasticized vinyl chloride-vinyl 115 
acetate copolymer, and phenol-formaldehyde 
resin, and a member selected from the group 
consisting of polyvinyl acetal resin and buta- 
diene-acrylonitrile copolymer. 

3. A process as claimed in Claim 1 where- 120 
in the particles of cuprous oxide amount to 
between about 0.25 and 80% by weight of the 
adhesive resinous bonding agent, ^ 

4. A process as claimed in Claim 1 where- 
in the entire surface of the insulating base 125 
is provided with particles of cuprous oxide 

a recited in Claim 1, and wherein portions 
of said surface are masked to leave a pattern 
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of cuprous oxide exposed prior to treatment 
with an acid and the currentless metal bath. 

5. A process as claimed in Claim 1 where- 
in only selected portions of die surface of 
5 the insulating base material in the form of a 
pattern are provided with particles of cuprous 
oxide as recked in Claim 1. 



6. A printed circuit board made in accord- 
ance with one or more of the preceding 
Claims. 10 

KARL A EGERER, 
on behalf of Photocircuits Corporation. 
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